The importance of research into the mechanics of failure of polymeric materials goes far beyond the question of the load-bearing capacity of articles, constructions, and structures. Control of the process of failure and knowledge of its mechanisms is of huge importance for engineering and technology in different sectors of industry. For example, for constructions and structures it is desirable to improve their durability by slowing down crack growth, whereas in the machining of materials, conversely, it is expedient to reduce the strength of the material being machined for its more effective failure.
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As established by the results of research by Kudinov [1] , Poduraev [2] , and Kabaldin et al. [3] , failure of the material being machined is a necessary element of the machining process and occurs either by the development of elastic-plastic strain up to a certain critical state or by the formation and growth of cracks, i.e. brittle failure, in microvolumes of the material. Thus, machining with a cutting tool can be described as a kind of controlled failure of solid material.
Taking into account the fact that polymeric materials possess a set of specifi c properties and exhibit different behaviour to metals and alloys during machining, it is important and of scientifi c interest to investigate the mechanism of failure of polymeric materials using modern procedures and methods. Investigation of the kinetics of build-up of damage during deformation and failure is of great theoretical and practical importance: its results make it possible to establish the mechanism of failure of the material at each stage of deformation, and to determine the infl uence of different conditions of failure.
As is known [4, 5] , tension is the most dangerous type of stress state for polymeric materials. Tensile tests of materials are the most common, as this type of strain can be applied in practice almost in pure form (in contrast to compression, shear, and torsion). Therefore, the mechanical characteristics determined under tension are the principal starting data in strength analyses of articles and constructions made from polymeric materials.
To investigate the mechanism of deformation and failure of solid materials, the acoustic emission method is now effectively being used. This is based on the analysis of the parameters of elastic waves of acoustic emission (AE) [6] . The implementation of this method in research makes it possible to collect a considerable volume of information concerning the physical processes occurring in the structure of the material, and quantitatively to assess the degree of build-up of damage and the mechanism of structural transformations. The most informative and traditionally used parameters of the AE method include: the peak signal amplitude, the total signal count, the counting rate, and the total signal energy. The peak amplitude is an energy characteristic of the degree of damage to the material. From the AE pulse amplitude distribution it is possible to judge the type of strain accompanying the process of failure under specifi c loading conditions. The counting rate (the signal intensity) refl ects the rate of development of damage to the material at a given instant of time. The total count bears information on the integral degree of damage to an object during any external action, on the increase in length of the object, and on the change in its area. The energy of the AE electric signal -the area measured beneath the envelope of the electric signal -is generally proportional to the size of the cracks formed under load.
Investigations were conducted on a series of standard plane specimens using the regular loading device of a universal ALA YOO IMASh 20-75 unit. The plastic specimens were in the form of dumb-bell testpieces and had a cross-section in the working zone of 3 x 2 mm. The loading curve was also recorded using a regular tensile testing unit recorder. In parallel with recording of the loading curve, continuous recording of AE signals was carried out using an original computer AE data acquisition, processing, and analysis system. Here, a broadband AE transducer was installed on the platform of specially developed clamps of the loading device in direct proximity to the deformation zone [7] .
The materials chosen for investigation were thermosetting and thermosoftening plastics used in the manufacture of components and articles widely employed in different sectors of industry, namely fl uoroplastic, polycaprolactam, organic glass, Getinaks resin-dipped laminated plastic insulating material, and resin-dipped fabric laminate. Care was taken to keep the test conditions constant: specimen manufacturing technology, temperature, humidity, and rate and magnitude of loading under uniaxial elongation. Analysis of the data presented indicates the following.
In the initial loading period, section OA, the material of the specimen works in a regime of no damage, which is confi rmed by the complete absence of an acoustic emission signal. On the given section, purely elastic strain occurs. The complete absence of AE pulses is observed for all four acoustic specimen parameters. Section AB is characterised by the presence of a large number of low-amplitude signals of considerable intensity, which indicates plastic shearing in the matrix of the material. Simultaneously with the occurrence of plastic shearing, the development of existing microcracks and the appearance of new microcracks occurs within the given section, which is confi rmed by the presence of signals with a maximum amplitude of up to 1 V, and also by increase in the values of such parameters as the total count (55 pulses) and total energy (0.35 V s 2 ).
Section BC can be regarded as the stage of formation and growth of a main failure-inducing crack. Within this section there is intense growth of the total count and the total signal energy, the signals, with practically constant intensity, having a low amplitude of the order of 0.2 V. Individual acts associated with an increased amplitude of up to 0.6 V can be identifi ed with rupture of the adhesion bonds between the matrix and reinforcing fi bres of the given material and with rupture of individual fi bres. Here, the vicinity of point C is the prerupture zone. Successive sharp growth to 40 pulses/s and reduction to 20 pulses/s of the signal intensity in the vicinity of point C indicates the avalanche-like build-up of failures at the prefailure stage, and the fact that the main crack has developed to a critical length, while sharp growth in the total count and total energy is a characteristic feature of loss of bearing capacity of the material investigated. As follows from the data presented, the tensile stress for Genitaks amounts to 120 MPa. 
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Section OA corresponds to the zone of solely elastic strain, as indicated by the complete absence of AE pulses for all monitored parameters of the acoustic pattern. The material is resistant to plastic strains up to a stress of 10 MPa. Section AB is characterised by the formation, intense build-up, and growth of damage in the form of crack nuclei. This is indicated by considerable growth in signal intensity to a value N equal to 30 pulses/s and the presence of signals whose peak amplitude is 1.0 V. As is known, any real polymeric material has defects, generally in the form of outer microcracks. At the apexes of the given microcracks there are superstress microvolumes in which forced elastic strains occur and initially the rupture of chemical bonds occurs [8, 9] ; this is confi rmed by the presence of a considerable number of signals of low amplitude in the 0.5-0.4 V range.
Section BC corresponds to the stage of prefl ow and is characterised by intense rupture of chemical bonds in the bulk of the material, which is confi rmed by stable, high signal intensity in the 33-35 pulses/s range. The alternation of signals with peak amplitudes from 0.5 to 1.0 V indicates the formation of plastic zones at the apexes of the microcracks and the presence of considerable shear stresses, i.e. plastic strain occurs in the bulk of the material. Here, there is a sharp increase in the total count to 300 events, and in the total signal energy to 12.0 mV s 2 , which enables a conclusion to be drawn concerning increase in the integral degree of damage of the material of the specimen under investigation. The maximum AE signal intensity in the entire loading diagram is at point C. The stress at this point amounts to 70 MPa, and this value can be regarded as the limit of forced elasticity of the given material.
Elongation curve section CD is the zone of appearance of the orientation hardening effect of the specimen material. When a sharp infl ection appears on the elongation diagram at point C, rapid narrowing of the cross-section occurs at any point over the length of the specimen, i.e. "necking" appears. At present, the predominant assumption is that the nucleation and development of a "neck" is an intermittent process of rearrangement of the initial structure of the polymer body and formation of a new oriented structure, i.e. point C is the transition point from the isotropic to the oriented section of the specimen [8, 9] . On the elongation curve, after the maximum stress (point C), a constant stress is observed owing to "necking" -line CD runs parallel to the abscissa axis. The entire strain process occurs under the action of a constant force until the given section of the loading curve ends. With subsequent elongation of the specimen, growth of the "neck" occurs, and not its failure: the entire working section turns into a "neck", i.e. becomes oriented. Failure of the specimen is possible only after additional elongation of the oriented polymer.
The effect of orientation hardening of polymeric material acts as a "brake" to the process of failure buildup and directly prevents failure of the material, which is confi rmed by cessation of growth in the total count and in the total signal energy, and also by sharp reduction in signal intensity by the end of the section (point D). The signal amplitude distribution within the given section is governed by processes of structural rearrangement during elongation of the specimen and by microplastic shearing in the bulk of the material.
Thus, on the basis of a generalised analysis of the results obtained in this research, it can be concluded that, at the early stages of loading of the polymeric materials investigated, different events stand out distinctly, the clear identifi cation of which is done by the method of analysing the parameters of AE signals. The AE method can be used effectively for investigating the processes of failure of polymeric materials of different classes at each stage of strain. By the given method it is possible to determine not only the moment of formation of a main ductile crack causing failure of brittle materials, or the moment that the material reaches its forced elasticity limit in the case of plastic polymers, but also the load corresponding to these events. Such information can serve as the basis for designating, for example, the optimal regimes for the machining of polymeric materials or the parameters for preliminary mechanical action on the processed material with the aim of ensuring high surface quality of machined parts.
